Pea (Pisum sativum L. var. Laguna) seeds were submitted to extrusion 18 process at 129, 135 and 142 ºC and modifications on the proximate 19 composition and nutritional parameters were evaluated. Peas were a good 20 source of protein (24 g/100g), amino acids (sulphur amino acids were the 21 limiting ones), dietary fibre (18 g/100g), carbohydrates (53 g/100g), energy (330 22
Introduction 42
Legumes provide economical sources of proteins, carbohydrates, fibre, vitamins 43 and energy for a large population all over the world and the inclusion of 44 legumes in a diet could have beneficial physiological effects in controlling and 45 preventing various metabolic diseases (Tharanathan & Mahadevamma, 2003) . 46
Nevertheless, nutritive utilization of legumes can be negatively affected by their 47 content in non-nutritive factors, such as -galactosides, trypsin inhibitors, or 48 phytic acid, which cause flatulence, interfere with the ingestion and digestive 49 utilization of proteins and minerals by monogastric animals (Champ, 2002) . 50
Treatments to overcome such limiting factors involve thermal processing 51 directed to decrease trypsin inhibitors, enhancing protein digestibility Valverde, Frias, Diaz-Pollan, Fernandez, Lopez-Jurado, & Urbano, 1997) and 53 modify the conten -galactosides and phytic acid (Martínez-Villaluenga, Frias, & 54 Vidal-Valverde, 2008; Urbano, Lopez-Jurado, Aranda, Vidal-Valverde, Tenorio, 55 & Porres, 2000) . The extrusion cooking process is a high-temperature, short-56 time processing technology that leads starch gelatinization, protein denaturation 57 and inactivation of enzymes as well as heat sensitive non-nutritive factors, and 58 2.3.8. Protein amino acids were determined by HPLC according to Frias et al. 116 (2009) all the diets contained 10% protein (Pellet and Young, 1980) and the provided 143 diets were the only source of protein. The rest of diet components were 144 formulated following the recommendations given by Reeves, Nielsen, & Fahey, 145 (1993) . 146
Experimental design. The influence of different diets on metabolic utilization of 147 nitrogen was studied in rats fed for 10 days. A total of 72 rats were divided into 148 6 groups of 12 animals for each diet. Food intake, body weight, change in body 149 weight, nitrogen intake, and faecal nitrogen excretion were determined in all 150
rats. 151
Animals: The animals were 4 weeks old (recently weaned) Wistar albino rats 152 with an initial body weight of 55±5g. For every studied diet, 12 animals were 153 used, which were housed from day 0 of the experiment in individual galvanized 154 iron cages with grid floor to prevent coprophagy and to facilitate collection of 155 faeces, according to the National Research Council (1996) . The cages were 156 located in a well-ventilated, thermostatically controlled room (20±2 ºC), humidity 157 (50-60 %), with 12 h light/dark periods. Throughout the experimental period, all 158 animals had free access to water and diets were consumed ad libitum. 159
Food intake: Total amount consumed daily by each rat was determined by 160 weighing the amount of diet given, refused, and spilled. The body weight was 161 recorded every two days during the experimental period. Faeces were collected 162 in the last 6 days. Each group of 12 rats was divided into two for faeces 163 collection. At the end of experimental period, animals were anaesthetised andsacrificed with CO 2 (Close et al, 1996) , and body water weight was determined 165 by drying the carcass at 105 ºC for 72 h. 166
Biological indexes 167
True protein digestibility (TD), the proportion of food protein that is absorbed, is 168 defined from measurements of nitrogen content of foods and faeces as follows: 169 
Protein digestibility corrected amino acid score (PDCAAS). The protein 211
digestibility corrected amino acid score (PDCAAS) is a method of evaluating the 212 protein quality based on both the amino acid requirements of humans and their 213 ability to digest it. This method uses the amino acid score corrected by true 214 protein digestibility (TD) (FAO/WHO, 1991) according with the following formula:
Statistical analysis 217
Analytical data were expressed as the mean ± standard deviation (SD) of three 218 independent determinations. Data were subjected to multifactor analysis of 219 variance (ANOVA) using the least-squared difference test with the Statgraphic 220 showed contents of proteins, fat and ash of 23.6, 2.6 and 2.7 g/100 g dw, 228
respectively. Furthermore, the amount of total dietary fibre and carbohydrates in 229 raw pea were 18.3 and 52.8 g/100 g dw, respectively, while the total energy 230 was 329 kcal/100 g dw. These results agree with data found in the bibliography 231 for different cultivars of Pisum sativum (Souci, Fachmann, & Fraut, 2008; Paul, 232 & Sauthgate, 1988) . The extrusion process led to a slight but significant 233 Asp and Arg were present in higher amounts while Lys, Leu, Val and Phe were 242 the predominant essential amino acids, and Met+Cys were the limitans, results 243 which are within the range found in the literature (Souci, 2008; Al-Marzooqi and 244 Wiseman, 2009 ). When the extrusion was carried out at 129, 135 and 142ºC, 245
Pro underwent the largest reductions (28-38%), followed by Gly (10-15%) while 246
Arg decreased only when the peas were extruded at 129ºC (11%) and Glu at 247 129ºC and 142 ºC (8 and 6%, respectively). Among the essential amino acids, 248
Val, Phe and Lys showed significant reductions (10-22%), while Ile only when 249 extrusion was carried out at 129 and 142 ºC (P≤0.05) and Trp when the process 250 was performed at 142ºC (Table 2) The effect of extrusion on the content of vitamin B 1 and B 2 is shown in 257 Table 3 . The content of those vitamins were 0.2 and 0.1 mg/100g, respectively. 258
Thiamin decreased 50% after the extrusion, irrespective of the temperature 259 assayed. Riboflavin, however, was kept almost constant after the extrusion of 260 pea. Several studies have assessed the effect of extrusion in the vitamin B 261 group, mainly referred to cereals (Athar, Hardacre, Taylor, Clark, Harding, & 262 McLaughlin, 2006) , and there is scarce information on extruded legumes but, in 263 general, thiamin retention is low since the heat-lability of this vitamin. 264 Table 4 shows the levels of -galactosides in raw and extruded peas. 265
The content in unprocessed seeds was 4g/100g dw, of which stachyoseaccounted for a large amount (57.6%), followed by raffinose (27.8%) and 267 verbascose (14.6%), results that are in accordance with previously published 268 Table 4 shows the levels of TIA in raw and extruded peas. Seeds initially 290 presented a low TIA level (1.8 TIU/mg) that fell within the range found in theliterature for peas (Vidal-Valverde et al., 2003) . Extrusion lead to a great TIA 292 reduction at 129 ºC (90%), and to its total inactivation at 135 and 142 ºC, results 293 that agree with those presented by Al-Marzooqi and Wiseman (2009) and 294 Alonso et al. (1998) . Inactivation of TIA could be due to reactions involving 295 deamidation splitting of covalent bonds and interchange or destruction of 296 disulfide bonds during thermal processing (Adam, 1991) . 297
The protein quality evaluation of raw and extruded peas diets measured 298 by biological indexes is shown in Table 5 . Extrusion process did not significantly 299
modify (P≤0.0001) the values of NPU, TD, BV, NPR and RNPR and it is 300
highlighted the high values of TD (83-85%), and the acceptable value of BV for 301 raw and extruded pea flours (50-58%). 302 Table 6 shows the content of essential amino acids, expressed as g/100g 303 protein, and the evaluation of protein quality by chemical indexes. Met + Cys 304 were the limiting amino acids, as shown in Table 2 . The percentages of other 305 essential amino acids outweigh the values of the reference protein (FAO, 2007) . 306
The values obtained for protein quality assessed by CS and PDCAAS were 307 higher than those obtained by NPU. This could be explained because biological 308 studies carried out with rats underestimate the nutritional quality when sulphur 309 amino acids are limiting, possibly due to the elevated requirements of recently 310 weaned rats during growth, as Sarwar, Peace, & Botting (1989) 
pointed out. 311
Nevertheless, despite the differences found between both methods, the results 312
show that the protein quality of peas was affected by the extrusion treatments 313 assayed and, among them, when extrusion process was carried out at 135ºC
Conclusions 317
The extrusion processes increased slightly the content of protein and fat, whilst 318 Frias, J., Gulewicz, P., Martinez-Villaluenga, C., Pilarski, R., Blázquez, E.,germination with different selenium solutions on nutritional value andSarwar, G., Peace, R.W., Botting, H.G. (1985 
